Sporosalibacterium tautonense sp. nov., a thermotolerant, halophilic, hydrolytic bacterium isolated from a gold mine, and emended description of the genus Sporosalibacterium 
The biogeochemistry and prokaryotic diversity of samples from South African mines have been extensively studied [1] [2] [3] [4] [5] [6] [7] . It was shown that the subsurface microbial community compositions of the South African fracture waters range from Firmicutes-dominated to Proteobacteria-dominated communities, and the aforementioned were associated with particular hydro-geological environments, specifically the older, more saline and more reducing waters [7, 8] . In total, more than 800 genera of prokaryotes have been identified in seven different South African subsurface boreholes which sampled fracture fluids at depths of 1.0-3.1 km [7] , including two boreholes from TauTona. Analysis of unassembled reads of the publically available TauTona metagenomics data on MG-RAST ( [9] ; MG-RAST ID numbers: 4536100. 3, 4536472.3, 4536473.3, 4536074.3, 4529964.3, 4536476.3 and 4529965.3) [10] indicated a high abundance of both Proteobacteria and Firmicutes (Fig S1 , available in the online Supplementary Material). Despite this abundance, the range of cultured microorganisms obtained so far from such samples includes only a few bacterial species [11] .
At the time of writing, the family Clostridiaceae contains 37 validly published genera (http://www.bacterio.net/-classifphyla.html#firmicutes). Members of the family are chemoorganoheterotrophs, able to hydrolyse various substrates including polymers, and/or chemolithoautotrophs. They can be regarded as ubiquitous microorganisms as many species of the Clostridiaceae have been detected and isolated from various types of environments, including humans and animals, sewage sludge, freshwater and marine sediments, salt lakes, permafrost, and geothermally and anthropogenically heated sources as well as the subsurface environment [12] . Clostridiaceae is one of the most abundant families in TauTona metagenomes (Fig. S1 ). Recently we have described a novel species, Tepidibacillus infernus, representing the family Bacillaceae within the phylum Firmicutes, obtained from the TauTona gold mine [13] ; here we describe a novel species of Clostridiaceae isolated from the same environment.
Subsurface samples were collected on 17 April 2013 from TauTona gold mine (026 24¢ 58 † S 027 25¢ 39 † E), located at the northern margin of the Witwatersrand Basin, near Carletonville, South Africa, at a depth of 3.54 km below the surface [14] . One of the samples, MRo, consisted of a thin light-pink microbial mat, proliferating on the top of the rock platform, located under the flow of thermal water. The elevated pH (8.7) and temperature (42 C), and high reductive potential (À140 mV) in the collected TauTona fracture water were typical of the deep subsurface of this area [7] . Enrichment culture was obtained using strictly anaerobic modified Pfennig medium (pH 7.9) with microcrystalline cellulose (MCC; Avicel PH-101, Sigma-Aldrich) as a substrate, as prepared during cultivation of the novel species Tepidibacillus infernus [13] . Straight thin rods dominating in the enrichment culture MRo were isolated using a serial dilutions approach on the same MCC medium at 40 C and designated as strain T .
Cells of strain MRo-4 T were straight or slightly curved rods with an average length of 5-20 µm and a width of about 0.2-0.3 µm (Fig. 1) . Occasionally, filaments of up to 100-150 µm were observed under an Olympus CX41 microscope. Rods occurred singly or in pairs. The cell wall was of Gram-positive type as detected by transmission electron microscopy. Cells were motile in the exponential phase of growth, and formed terminal or sub-terminal spherical spores in the stationary phase of growth or at suboptimal cultivation conditions (pH 8.8 or temperature for growth of 25 С).
Strain MRo-4 T was strictly anaerobic and did not grow on sodium sulfide-free medium. The strain grew at temperatures from 25 to 50 С and at a рН from 7.0 to 8.8 with an optimum at 42 С and рН 7.4-7.9. The microorganism required NaCl for growth: 5-100 g l À1 with an optimum at 20 g l À1 (Table 1) . No growth was observed at or below 20 С, pH 6.7 and 2.5 g NaCl l À1 and at or above 54 C, pH 9.5 and 110 g NaCl l
À1
.
Growth of strain MRo-4
T was not observed on yeast extract-free medium. The minimal concentration of yeast extract required for growth was 0.1 g l
À1
; optimal growth was detected at 1 g l
. The growth rate significantly decreased at 2 g yeast extract l
À1 and ceased at 5 g l À1 .
In the presence of 0.1 g yeast extract l À1 the strain fermented the following substrates (2 g l À1 ): fructose, cellobiose and peptone. Weaker growth was also observed on microcrystalline cellulose, CM-cellulose, chitin, starch and xanthan gum (2 g ), nitrite (2 mM) or arsenate (10 mM) completely inhibited it (Table 1) .
Determination of cellular fatty acids was performed as described previously [15] , based on retention time (using Supelco standards), equivalent chain length [16] and mass spectra. Major detected components of strain MRo-4
T grown on yeast extract were iso-C 15 : 0 (53.4 %), iso-C 15 : 0 dimethyl acetyl (DMA) (15.1 %) and anteiso-C 15 : 0 (12.5 %) ( Table 1) . Other fatty acids were present in low or trace amounts (<5 % of the total fatty acid content) (Table S1 ). Polar lipids of strain MRo-4 T were three unidentified phospholipids, three unidentified glycolipids and one unidentified lipid; all were detected as described previously [17] (Fig. S2 ).
Genomic DNA of strain T was isolated as previously described [18] . The genomic DNA G+C content was 32.9 mol% (calculated in silico using the draft genome sequence of strain MRo-4 T ; manuscript in preparation). The complete 16S rRNA gene sequence of strain MRo-4 T (1520 nt) was taken from the genome. A comparative analysis of 16S rRNA gene sequences of valid species using the EzTaxon-e server [19] revealed that the closest sequence belongs to Sporosalibacterium faouarense SOL3f37 T (16S rRNA gene sequence similarity of 96.8 %), the only validly published representative of the genus. S. faouarense SOL3f37 T was isolated from a hydrocarbonpolluted soil, surrounding a deep petroleum reservoir located in the El Faouar area in southern Tunisia [20] . 16S rRNA gene sequence-based maximum-likelihood phylogenetic analysis of strain MRo-4 T , S. faouarense SOL3f37 T and other representatives of the family Clostridiaceae supported the affiliation of strain MRo-4 T to the genus Sporosalibacterium (Fig. 2) .
The two organisms, strain MRo-4 T and S. faouarense SOL3f37 T , are thermotolerant, moderately halophilic and strictly anaerobic bacteria. Morphologically they are Gramstain-positive, motile, spore-forming rods. Both are able to ferment yeast extract, peptone and fructose but cannot not utilize elemental sulfur, thiosulfate, sulfate, sulfite, nitrate, nitrite or fumarate as electron acceptors.
However, strain MRo-4 T differs based on pH and salinity ranges for growth and requirement of yeast extract. The ability of strain T to utilize polysaccharides (cellulose, chitin, starch and xanthan gum) is another differential characteristic, indicating a possible role of the novel organism as a primary organic matter destructor. It is also able to grow on cellobiose but does not utilize glucose, mannitol, pyruvate or fumarate (Table 1) . Strain MRo-4 T and S. faouarense SOL3f37 T have different fatty acid profiles and G+C content of their genomic DNA (Table 1) . Thus, based on the phylogenetic analysis, supported by morphological and physiological characteristics of the novel micro-organism, we propose a novel species, Sporosalibacterium tautonense sp. nov., with MRo-4
T as the type strain.
EMENDED DESCRIPTION OF THE GENUS SPOROSALIBACTERIUM
The description is based on that provided by Rezgui et al. [20] , with the following amendments. The genus contains slightly and moderately halophilic species fermenting yeast extract and peptone, mono-, di-and polysaccharides.
DESCRIPTION OF SPOROSALIBACTERIUM TAUTONENSE SP. NOV. *Positive growth means the experiment growth yield was more than three times higher than control (the same set-up without substrate); weak positive growth means the experiment growth yield was 1.5-3 times higher than control; negative growth means the experiment growth yield was less than 1.5 times higher than control. †Data from Fang et al. [22] ; we consider these data to be more reliable than those of Rezgui et al. [20] .
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optimal NaCl concentration for growth is 20 g l
À1
Organotroph that generates energy by fermentation of fructose, cellobiose, microcrystalline cellulose, CM-cellulose, chitin, starch, xanthan gum, peptone and yeast extract. Glucose, xylose, maltose, sucrose, galactose, arabinose, lactose, filter paper, pectin, arabino-xylan, xylan, feathers, tryptone, gelatin, casein hydrolysate, acetate, lactate, propionate, pyruvate, fumarate, methanol, ethanol, mannitol, glycerol and H 2 / CO 2 do not support growth. Unable to respire with any tested electron acceptor: elemental sulfur, thiosulfate, sulfate, sulfite, nitrate, nitrite, fumarate or arsenate. The major fatty acids detected are iso-C 15 : 0 , iso-C 15 : 0 DMA and anteiso-C 15 : 0 . The major polar lipids are three unidentified phospholipids, three unidentified glycolipids and one unidentified lipid.
The type strain is MRo-4 T (=DSM 28179 T =VKM В-2948 T ), which was isolated from a microbial mat of TauTona gold mine (South Africa). The G+C content of the genomic DNA of the type strain is 32.9 mol%. 
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Sporosalibacterium tautonense MRo-4 T (KX371568)

Sporosalibacterium faouarense SOL3F37 T (EU567322)
Brassicibacter mesophilus BM T (GU645013)
100
Caloranaerobacter azorensis MV1087 T (AJ272422)
Caloranaerobacter ferrireducens DY22619 T (KC794016)
Thermohalobacter berrensis CTT3 T (AF113543) 100 100
Clostridiisalibacter paucivorans 37HS60 T (EF026082)
Caldisalinibacter kiritimatiensis L21-TH-D2 T (KC608867)
100
Brassicibacter thermophilus Cel2f T (KM277820)
Proteiniborus ethanoligenes GW T (EF116488) 100
Tissierella creatinini DSM BN11 T (GQ461824)
Soehngenia saccharolytica BOR-Y T (AY353956)
Sporanaerobacter acetigenes Lup33 T (AF358114)
99
Sedimentibacter hydroxybenzoicus JW/Z-1 T (L11305) 100 100
Clostridium purinilyticum ATCC 33906 T (M60491)
Eubacterium angustum ATCC 43737 T (L34612)
Clostridium acidiurici ATCC 7906 T (M59084)
Clostridium butyricum VPI3266 T (AJ458420) 0.10 Fig. 2 . 16S rRNA gene sequence-based phylogeny of strain MRo-4 T (bold type) and representatives of the family Clostridiaceae. The tree was reconstructed using the PhyML 3.1 software package [23] and aBayes for branch support estimations [24] . The percentage branch support values are indicated at nodes (only values !90 % are shown). Bar, 0.01 substitutions per site.
